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BACKGROUND OF THF INVENTION 



Field of the Invention 

The present invention relates to surface coverings, such as resilient floor 
coverings or wallpaper, and further relates to methods of preparing the same. The 
present invention also relates to methods to improve wear and/or stain resistance to 
surface coverings. 



Description of Related Art 

Present surface coverings, such as resilient flooring, can contain a resilient 
support surface, a wear surface, and a wear layer top coat. The top coat, in situations 
where the surface covering is a resilient floor, is subjected to foot traffic and wear from 
Uj carts and other heavy objects coming in contact with the wear layer top coat. As a 

result, the top coat deteriorates leading to the exposure of lower layers of the resilient 
floor such as the wear layer base coat, a print layer, or even the resilient support 
2 surface. When the lower layers are exposed and subjected to the environment 

including foot traffic and other objects, the resilient floor becomes unsightly (e.g., dirty, 
difficult to clean, and susceptible to stains) and can also be partially or completely 
destroyed. 

While efforts have been made to create more resilient surface coverings, 
especially In the flooring industry, such efforts have not totally solved the problem of 
making the wear layer top coat more resilient to the environment it is subjected to. 
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Efforts to make the top coat more resilient have included radiation curable urethane 
topcoat, waterbase urethane, acrylic, or melamine coatings and the like. However, 
none of these efforts have proven totally satisfactory. Accordingly, there is a need for 
j an improved surface covering which is more resilient to wear and staining. 



' I SUMMARY OF THE INVENTION! 

! ! Accordingly, a feature of the present invention is to provide a surface covering 
: which has improved wear and/or stain resistance. 

Additional features and advantages of the present invention will be set forth in 
: part in the description which follows, and in part will be apparent from the description, 
may be learned by practice of the present invention. The objectives and other 
advantages of the present invention will be realized and attained by means of the 
elements and combinations particularly pointed out in the written description including 
the drawing and appended claims. 

To achieve these and other advantages and in accordance with the purpose of 
■ the present invention, as embodied and broadly described herein, the present invention 
relates to a surface covering comprising at least one layer which contains aluminum 
oxide. Preferably, the aluminum oxide is present in the outermost layer or the top coat 
layer. 

The present invention further relates to a method to improve wear and/or stain 
resistance to a surface covering. This method includes the steps of adding an effective 
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j ; amount of aluminum oxide to a top coat layer or to a formulation which is used to form 
I j top coat layer. 

The invention further relates to a method of making a surface covering which 
j j inciudes the ste P s of Arming a layer comprising aluminum oxide. Preferably, this layer 
i is a top coat layer or the outermost layer. 

It is to be understood that both the foregoing general description and the 
; following detailed description are exemplary and explanatory only and are intended to 
provide further explanation of the present invention, as claimed. 



q BRIEF DESC RIPTION OF THE DRAWINO 



The single Figure is a graph showing the relationship between particle size of 
Al 2 0 3 and concentration and abrasion resistance. 

DETAILED DESCRIPTION O F THE PRFSFKJT INVENTION! 

The present invention relates to a surface covering comprising at least one layer 
containing aluminum oxide. The aluminum oxide used in the present invention is also 
known as alumina or Al 2 0 3 . Preferably, the aluminum oxide is fused or calcined. The 
refractive index is preferably from about 1.4 to about 1.7. Surface covering includes, 
but is not limited to, flooring, wall paper, countertops, automobile dash boards, 
automotive coatings, and the like. 

Generally, a sufficient amount of the aluminum oxide is present in at least one 
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j surface covering as compared to no aluminum oxide being present. Wear resistance 
j can be determined by a Taber abrasion test, a Gardner scrubber test, a walk test and 
i the like. The Taber abrasion test is more commonly used in the flooring industry. One 
: way to determine stain resistance is by staining the sample with different stain amounts 
and removing the stain after about 1 to 5 hours with solvents. The stain remaining on 
the sample rated on a scale from 0 to 3, where 0 means no stain showing and 3 means 
. the darkest, visible stain showing. 

Preferably, from about 2 g/m 2 to about 50 g/m 2 , and more preferably from about 
4 g/m 2 to about 20 g/m 2 of alumina is present in at least one layer of the surface 

Q 

y by 

weight to about 40% by weight of alumina is 

W present in a layer of the surface covering. 

□ Also - whj,e anv source of aluminum oxide can be used, it is preferred that the 

T aluminum oxide have the following characteristics: fused or calcined and having a 

CP hardness of from about 6 to about 9 on a Moh's scale, and most preferably about 9 on 

| 3 Moh ' s scale - Pref erably, the particle size of the aluminum oxide is from about 

1 0 microns to about to about 70 microns, and more preferably from about 20 microns to 
about 50 microns. Sources for preferred aluminum oxide are Washington Mills, N. 
Grafton, MA; ALCOA Industrial Chemicals, Bauxite, AR; Composition Materials, 
Fairfield, CT; Micro Abrasives, Westfield, MA; and Alu Chem, Inc., Birmingham, AL 

The aluminum oxide, which is part of at least one layer of the surface covering, 
can be added in any manner known to those skilled in the art for adding particles to a 
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: I coating. Preferably, the aluminum oxide is applied by a pellet dispenser which applies 
j | or sprinkles aluminum oxide on top of a layer which is still "wet" or uncured. 

[ I 

j j By the layer being "wet" or uncured, the aluminum oxide "sticks" or adheres to 
! j the "wet" layer and at least a portion of the aluminum oxide "sinks" into the layer and 
thus is not exposed to the environment. 

The mixing of alumina (and/or other hard particles) with a formulation that forms 
the wet coating generally requires constant mixing of the coating with alumina to 
' preferably keep the alumina suspended in the coating. Surface treatments of the 

alumina and the use of other anti-settling agents help in minimizing the settling. 
: However, suspending high concentrations of aluminum oxide in urethane based 
acrylates or other types of coatings for a long period of time without encountering hard 
settling of aluminum oxide at the bottom of the storage container is very difficult. 

Because of the above mentioned suspension difficulties, sprinkling of alumina on 
the already formed wet coating or plastisol and then curing the wet coating with the 
alumina sprinkled thereon is preferred. Several types of scattering machines can be 
used to accomplish the uniform sprinkling or dispensing of alumina or other hard 
particles. Normally the scattering machine has rotating, dispensing or applicator 
roll (engraved or knurled) at the bottom of the hopper. A stationary or rotary brush is 
used to remove the material from the dispensing or applicator roll. A shaker screen 
may be used under the hopper for uniform distribution of alumina oxide or other hard 
particles. The knurl size, the dispending or applicator roll speed, the brush position, the 
F "fS H SSt° n ' Speed of the rotarv brush - an d the speed and the size of the shaker screen should all 
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be selected based on the amount and the size of the aluminum oxide to be used. 
Examples of scattering machines that can be used to dispense aluminum oxide or other 
hard particles of powder according to the invention are a Christygl 1 
machine (Christy Machine Company, Fremont, OH, USA) or a Schilling machine (Emil 
, ; Paul Schilling AG) or similar dispensing equipment. 

If the particles are uniformly suspended in the coating at a fixed coating 
I thickness and weight of alumina, the abrasion resistance will increase as the particle 
■ size is increased. Similarly, at a given coating thickness and alumina particle size, the 
abrasion resistance will be governed by the weight or concentration of alumina in the 
coating. Table 6 and the Figure further exemplify this relationship. 

The particle size of alumina is generally proportional to the wear resistance of 
the coating at a constant coating thickness and fixed amount of alumina. In the same 
way, at a fixed coating thickness and particle size of alumina, the wear resistance of the 
cured coating is directly related to the weight of the alumina incorporated in the coating. 

The particle size of the alumina is preferably equal to or higher (preferably from 
10-60% higher) than the coating thickness in order to achieve high wear resistance. 
When the hard particles such as alumina protrude above the coating, these hard I 
particles protect the coating from abrading. This method gives very high abrasion I 

j 

resistance to the product. However, when the alumina particles are exposed or not | 
covered by the coating, the particles may act as dirt catchers. Thus, depending on the j 

i 

end use of the product, the coating thickness, the particle size of alumina, and the 
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The coating thickness and the particle size of alumina should be selected 
j j depending on the required wear characteristics, product appearance, and other 
properties of the finished product such as stain resistance, flexibility, cleanability, 
aesthetics, and styling requirements. 
; j For example, to obtain a smooth-looking product, the coating thickness should 
j I be just sufficient to coyer the alumina particles when scattered on the wet coating. The 
; ; other way to accomplish this is to use a multi-layer coat system. In this case, the 
; alumina particles are uniformly scattered on a wet base coat, and then after a partial, 
! full, or no cure, another layer of top coat is applied on the base coat with or without 
; alumina in the top coat. For a smooth coating, the total thickness of the coating 
: (different layers) should be greater than the largest particle size of the alumina used. 
There are several combinations of this type of construction. For example, a 
construction can be used where the alumina is placed at different locations in the top 
coat (see Tables 3 and 6). Another construction would be to sandwich the alumina 
between two layers of coating. In this type of construction, the curing process is 
precisely controlled to have intercoat adhesion and other desired properties of the 
finished product. 

In still another type of construction, the coating thickness and the particle size of 
alumina are chosen in a way that a desired portion of the alumina sinks into the coating 
and the other part is exposed above the top coat. This gives the product very high 
wear resistance because the protruding alumina particles offer high wear resistance. 



The scattering of alumina should preferably be very uniform and precise. In a 
j ; typical application, alumina particles are dispensed by industrial or lab scale dispensing 
jj machines such as the Christy Machine (Ohio, U.S.A.) or the Emil Paul Schilling AG 

Scattering Machine (Germany, Switzerland). Application of alumina by scattering 
: machines gives several advantages over the conventional method of mixing and other 
'i techniques. 

Carborundum, quartz, silica (sand), glass, glass beads, glass spheres (hollow 
and/or filled), plastic grits, silicon carbide, diamond dust (glass), hard plastics, 
; reinforced polymers and organics, etc., may be substituted for all or part of the alumina. 
Once the aluminum oxide is applied to the layer which is "wet" or uncured, the 
surface covering containing this layer is cured by means known to those skilled in the 
art, such as radiation curing, UV, electron beam, thermal and/or moisture curing, and 
the like. 

Preferably, the aluminum oxide is present in the outermost layer of a surface 
covering which is the layer subjected to the environment including foot traffic and other 
objects coming in contact with the surface covering. Generally, this outermost layer i 
known as the top coat layer or wear layer top coat. Typically, this wear layer top coat 
made of urethane or acrylic, melamine, polyvinylchloride, polyolefins, and the like. 

Acrylics, alkyd resins, melamines, conventional clear coats, polyvinyl chloride, 
polycarbonates, kevlar, epoxy coatings, polyester, polyester acrylates, vinyl-ether- 
functionalized urethane, epoxysiloxanes, epoxysilicones, multifunctional amine 
terminated acrylates, acrylate melamines, polyethylene and diene copolymers, and the 
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;j like, can be used in place of the urethane based acrylates described above. Basically, 
; j the wear resistance of any surface or coating can be improved by the incorporation of 
; | hard particles such as fused alumina. 

For instance, solid vinyl (inlaid) coverings are preferably coated with 1 .0-1 .8 mil 
i ; of acrylated urethane based UV-curable top coat. On the wet coat in a typical 
application, about 5-15 g/m 2 of fused alumina with average particle size in the range of 
about 25-40 microns are applied to this top coat by a modified Christy Machine or by a 
Schilling scattering machine and then the top coat is cured by UV-light employing either 
a direct or differential cure mechanism. Depending on the product specification the 
I amount of alumina and the thickness of the coating can be varied. Also, for example, 

| from about 15 to about 35 g/m 2 of alumina (in a layer) in the particle size range of about 

□ 50 t0 about 150 microns could be used in the production of non-slip coverings 

In a preferred embodiment of the present invention, the surface covering is a 
resilient flooring which contains a resilient support surface. Applied to the top of and 
adhered to this resilient support surface is a wear surface. The wear surface can 
contain a wear layer base coat and a wear layer top coat. Also, an initial wear layer 
can be applied prior to the wear layer base coat which is adhered to the support 
surface. A strengthening layer can also be present and located anywhere in the 
resilient surface covering. Preferably, the strengthening layer is present and is in 
contact with the resilient support surface. The strengthening layer can comprise a vinyl 
resin and a polymerizable, cross-linkable monomer and can even be disposed between 
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!i polymer composition. The wear layer top coat can comprise a thermosettable, UV 
jj curable blend of acrylic or acrylate monomers or urethane. Typically, the top coat 
I comprises a urethane layer and this urethane layer will contain the aluminum oxide. 

One preferred design of a surface covering wherein aluminum oxide can be 
; applied to a layer is described in U.S. Patent Nos. 5,458,953, and 5,670,237 
:j incorporated in their entirety by reference herein. The method of preparing this surface 
■j covering can also be used in the present invention with the additional step of adding 
aluminum oxide to one layer incorporated into this method. 

The size and the concentration of the alumina should be optimized based on 
several properties of the finished products, such as wear resistance, flexibility, stain 
resistance, gloss, cleanability, appearance, etc. In a typical application, a coating 
thickness of from about 1 .0 to about 1 .8 mil with alumina particle size of about 25 to 
about 35 microns was used at an application rate of about 5 to about 15 grams/m 2 of a 
layer to achieve a smooth look. The alumina particles sank into the wet coating and 
2 were covered by the coating. The coating is then cured to achieve smoothness. 

Abrasion resistance of the coating or the substrate usually reflects the durability 
of the product. Abrasion is caused by mechanical actions such as sliding, scraping, 
rubbing, scuffing, etc. Abrasion results in wearing, marring, staining, and the loss of the 
surface properties, and eventually the bulk properties of the product. 

Abrasion resistance can be related to several properties of the substrate and 
coating such as hardness, cohesive strength, tensile strength, elasticity, toughness, 
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; Thus, to test the wear resistance of the product, several test methods have been 
; j followed. Some of them are 1) falling sand test ASTM D968; 2) air blast abrasive test 
j ASTM D658; 3) jet abrader, method 6193 of Federal Test Method Standard #141 C, 
j 4) Taber abrader ASTM D4060; 5) NEMA test method LD 3.31; 7) walk test; 8) Taber 
scratch or modified Hoffman scratch test; and 8) Gardener scrub test, among others. 

As stated earlier, with the addition of aluminum oxide, preferably in the outermost 
: layer exposed to the environment, improved wear and/or stain resistance can be 
achieved. As the examples will show, the improvements in the wear and/or stain 
resistance are significant and lead to a better surface covering product for consumer 



use. 



The present invention will be further clarified by the following examples, which 
are intended to be purely exemplary of the present invention. 

In testing the product of the invention, the NEMA LD-3.31 test was modified by 
using 220 grit sandpaper with a 500 grams weight, and changing the paper every 
500 cycles. The sandpaper was pasted onto CS-1 7 wheels supplied by Taber. In 
normal Taber abrasion test, CS-1 7 wheels are used with a 1000 grams weight. The 
Gardner scrub test employs a 100 grit sandpaper with 577 gram weight. 

This test determined the initial or final wear-through or a change in the surface 
property. In each set of tests, the product without alumina was used as the control. 

• As a representative of the several hard inorganic and organic material, different 
amounts of fused or calcined alumina with the characteristics described above were 
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j j Substrates: vinyl sheet goods (the construction is described in U.S. Patent No. 
j j 5,405,674); solid vinyl tile; homogenous vinyl sheet; and hardwood flooring, 
j j The alumina was sprinkled on wet urethane based acrylate and mixture of 
: | acrylates and cured by UV-radiation. 



Table 1 -Effect of weight of fused alumina (aluminum oxide) 
on homogenous vinyl sheet 


Weight of alumina 
(30 micron average particle size)g/m 2 


Gloss 


# of Taber cycles 
to wear through the top coat 8 


0 


81 


50 


5 


81 


125 


10 


76 


150 


15 


77 


350 


20 


79 


500 



a Modified NEMA test LD3.31 



From Table 1 , it is clear that as the weight of alumina was increased, the wear 
resistance of the top coat also increased. Higher amounts of alumina could be 
incorporated depending on the wear resistance requirement. In a range of 1 g/m 2 to 
50 g/m 2 , the other desirable properties of the vinyl sheet goods were not affected. The 
preferred range of the weight of alumina is about 3 g/m 2 to about 40 g/m 2 . The top coat 
thickness was varied from about 0.9 to about 1.5 mils. This is a typical example, but 
different particle sizes and amounts could be used. 
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Table 2-Effect of the particle size of alumina on the wear 
1 resistance of homogenous vinyl sheet 


Average particle size of alumina 
in microns 


Weight of alumina (g/m 2 ) 


No. of cycles to wear through 
the top coat 3 


0 


0 


2500 


30 


15 


3000 


40 


15 


3750 


a i ne abrasion was tested by Taber abrader with CS-17 wheels with 1000 grams weight. ' 
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The incorporation of alumina into vinyl wear layer also increased the wear 
resistance of the homogeneous sheet goods. 



I Table 3-Effect of incorporation of alumina in the top coat of 
I solid vinyl sheet (inlaid) 


I Weight of alumina (g/m 2 ) 


| No. of cycles for initial wear through 


0 


50 


5 


75 


10 


125 


15 

a Modified NEMA test DL-3.31 


150 
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Table 4-Effect of placement of alumina on the wear resistance 



Average weight of alumina 
(average particle size 30 microns) in 
' the base coat (g/m 2 ) 


Average weight of alumina 
(average particle size 30 microns) 
in uie iop coax (g/m ) 


Mverayc no. 
of cycles for initial wear 
through 3 


0 


n 
u 


100 


25 


25 


1750 


0 


25 


1350 


0 


15 


1250 


0 (Vinyl Wear Layer) 


0 


100 


0 (Vinyl Wear Layer) 


25 


600 



15 
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Thus, by properly selecting the particle size, weight, and the location of alumina 
in a product construction, the desired wear resistance could be achieved. 

To demonstrate the excellent wear resistance provided by the incorporation of 
alumina in the top coat, a Gardener Scrubber test was also conducted. 

Gardener Scru b Test MethnH - 

The substrate was mounted onto a Gardener scrubber and scrubbed with a 100 
grit sandpaper with 577 grams weight for 1 000 cycles changing the sandpaper every 
500 cycles. The substrate was then stained with oil brown to estimate the extent of 
wear. The extent of wear is directly related to the extent of staining, with a stain rating 
of 0 being, no stain (excellent wear characteristics without any surface damage) and 3 
being worse (with severe surface damage and the loss of top-coat). 
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Table 5-Effect of incorporation of fused alumina into the top coat of solid 
vinyl sheet (inlaid) on its wear resistance 


Weight of alumina (average particle size 
30 micron) incorporated into the top coat (g/m 2 ) 


Stain rating after 1000 cycles of scrub 


0 


3 


5-7 


0.5 



J 

In general, at a given particle size the wear resistance increases as a function of j 

j 

the amount of alumina (see Tables 1,3,4, and 6, and Figure 1 ). 
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In this Example, aluminum oxide was added to a urethane top coat which 
eventually formed part of a wood floor product. 



Sample 



Table 6-Aluminum Oxide in Wood Urethane 



Number of 
Cycles for 
Initial Wear 
Through 



Number of 
Cycles for 
Final Wear 
Through 



1 


159 


752 


2 


394 


794 


3 


528 


662 


4 


274 


943 


5 


529 


957 


6 


549 


775 


7 


97 


223 


8 


111 


305 


9 


78 


143 



Overall 
Coating 
Thickness 
in mils 



1.5-1.6 



1.5-1.6 



1.6-1.8 



1.6-1.7 



1.8-2.0 



1.7-1.8 



1.4-1.6 



1.5-1.8 



Thickness 
of Base 
and Top 
Coats 
applied 
in mils 


Number 

of 
Passes 
During 

Curinn 

\^ U 1 II |U 

Process 


Gloss 
AvgVStd. 
Dev. 


0.5/1.0 


2 


79.8 ± 12.7 


1.0/0.5 


2 


90.4 ± 1.5 


1.5 


1 


72.4 ± 2.9 


0.5/1.0 


2 


68.4 ±18.1 


1.0/0.5 


2 


82.8 ± 6.3 


1.5 


1 


55.6 ± 1.7 


0.5/1.0 


2 


84 ±7.6 


1.0/0.5 


2 


90.2 ± 1.3 


1.5 


1 


80.6 ± 5.4 



K It Si oxide* 2 ™S JS* £ 0 ° f f * ""2 « 1 ° ^ ^ 

Samples 7-9, no aluminum oxide used ^ US6d at2 ° 9 /m2 Ration rate. 

Aluminum oxide sifted through 400 mesh screen. 



; Application Method - 

No. 6 mire rod used for 0.5 mil. draw. 
No. 8 mire rod used for 1.0 draw. 
No. 14 mire rod used for 1.5 draw. 



Curing Conditions 


Watts/Watts 


Curing energy in milli Joules/cm 2 


First pass samples 1, 2, 4, 5, 7, 
. and 8 


125/off 


200 


Second pass samples 1, 2, 4, 5, 
7, and 8 


200/200 


1030 


One pass cure samples 3, 6, J 


200/200 | 


1030 




-16 





The "Number of Cycles for Initial Wear Through" is the number of cycles until the 
first spots of abrasion through the topcoat and stain of the wood was first noticed. All 
abrasion testing was done per modified NEMA testing methods. 

Other embodiments of the present invention will be apparent to those skilled in 
the art from consideration of the specification and practice of the invention disclosed 
herein. It is intended that the specification and examples be considered as exemplary 
only, with the true scope and spirit of the invention being indicated by the following 



claims. 
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